ABSTRACT. Some new transition metal complexes of ciprofloxacin-imine derived from ciprofloxacin and ophenylenediamine were synthesized and characterized on the basis of melting point, magnetic moment, conductance measurements, elemental analysis, infrared, UV/Vis, nuclear magnetic resonance spectroscopy, mass spectra as well as thermal analyses. The data indicate that the ligand acts as tetradentate chelate bound to the metal ions through the deprotonated carboxylate and the azomethine group. The ligand as well as their metal complexes was also evaluated for their antibacterial activity against several bacterial strains such as Staphylococcus aureus, Bacillus subtilis, Escherichia coli and Pseudomonas aeruginosa and also, fungicidal activity aganist Candida albicans and Aspergillus fumigatus were tested. It was found that the metal complexes are more antibacterial as compared to uncomplexes ligand and no antifungal activity observed for ligand and their complexes. Also, this study showed that the ciprofloxacin-imine is more antibacterial as compared to ciprofloxacin alone.
INTRODUCTION
Schiff bases are some of the most widely used organic compounds. They are used as pigments, dyes, catalysts, intermediates in organic sy nthesis, and as polymer stabilizers [1] . Schiff bases have also been shown to exhibit a broad range of biological activities including antifungal, antibacterial, antimalarial, antiproliferative, anti-inflammatory, antiviral and antipyretic properties [1, 2] and also used in the design and development of anticancer chemotherapeutic agents [3] . Imine or azomethine groups are present in various natural, natural-derived, and non natural compounds. The imine group present in such compounds has been shown to be critical to their biological activities [4] [5] [6] .
Schiff base ligands are able to coordinate to many different metals and stabilized in various oxidation states [7] . The Schiff bases complexes have been used in catalytic reactions and as models for biological systems [8, 9] . Metal complexes play an essential role in agriculture, pharmaceutical and industrial chemistry [10, 11] . Also aromatic Schiff bases or their metal complexes catalyze reactions on oxygenation, hydrolysis, electro-reduction and decomposition [12] [13] [14] . Earlier work has shown that some drugs studied increased activity when administrated as metal chelates rather than as organic compounds [15, 16] and that the coordination possibility of o-phenylenediamine has been improved by condensation with a variety of carbonyl compounds. Tetradentate Schiff bases with a N 2 O 2 donor atom set are well known to coordinate with various metal ions, and this has attracted many authors [17, 18] . Some Co(II), Cu(II) and Fe(II) Schiff base chelate complexes show catalytic activity in oxygenation of alkene and increase the rate of hydrolysis more than simple salt [10, 13] . Some metal complexes of a polymer bound Schiff base show catalytic activity on decomposition of hydrogen peroxide and oxidation of ascorbic acid [14] . The work reported herein is focused on the synthesis, spectroscopic and characterization of four new metal complexes [Cr(CIP-o-phdn)(H 2 O) 2 ](CH 3 COO) 3 .10H 2 6 showed signals at δ 11.0 ppm assigned to the proton of carboxylic (COOH).
Synthesis of metal complexes
The grey solid complex [Cr(CIP-o-phdn)(H 2 O) 2 ](CH 3 COO) 3 .10H 2 O was prepared by adding 0.5 mmol (0.164 g) of chromium acetate Cr(CH 3 COO) 3 in 20 mL ethanol drop-wisely to a stirred suspended solution 0.5 mmol (0.403 g) of CIP-o-phdn and 1 mmol (0.04 g) NaOH in 50 Elemental C, H and N analysis was carried out on a Perkin Elmer CHN 2400. The percentage of the metal ions were determined gravimetrically by transforming the solid products into metal oxide or sulphate, and also determined by using atomic absorption method. Spectrometer model PYE-UNICAM SP 1900 fitted with the corresponding lamp was used for this purposed. The chloride content in the complexes was determined by using Mohr's and Volhard's methods [19] . IR spectra were recorded on FTIR 460 PLUS (KBr discs) in the range from 4000-400 cm -1 ,
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H NMR spectra were recorded on Varian Mercury VX-300 NMR Spectrometer using DMSO-d 6 as solvent. TGA-DTG measurements were carried out under N 2 atmosphere within the temperature range from room temperature to 800  C using TGA-50H Shimadzu, the mass of sample was accurately weighted out in an aluminum crucible. Electronic spectra were obtained using UV-3101PC Shimadzu. The solid reflection spectra were recorded with KBr pellets. Mass spectra were recorded on GCMS-QP-1000EX Shimadzu (ESI-70 eV) in the range from 0-1090. Magnetic measurements were carried out on a Sherwood scientific magnetic balance using Gouy method using Hg[Co(SCN) 4 ] as calibrant. Molar conductivities of the solution of the ligand and metal complexes in DMF at 1×10 -3 M were measured on CONSORT K410. All measurements were carried out at ambient temperature with freshly prepared solution.
Antimicrobial investigation
Antibacterial activity of the ligand and its metal complexes was investigated by a previously reported modified method of Beecher and Wong [20] against different bacterial species, such as Staphylococcus aureus, Bacillus subtilis, Escherichia coli and Pseudomonas aeruginosa and antifungal screening was studied against two species, Candida albicans and Aspergillus fumigatus. The tested microorganisms isolates were isolated from Egyptian soil and identified according to the standard mycological and bacteriological keys for identification of fungi and bacteria as stock cultures in the microbiology laboratory, Faculty of Science, Zagazig University. The nutrient agar medium for antibacterial was (0.5% peptone, 0.1% beef extract, 0.2% yeast extract, 0.5% NaCl and 1.5% Agar-Agar) and CZAPEKS Dox medium for antifungal (3% sucrose, 0.3% NaNO 3 , 0.1% K 2 HPO 4 , 0.05% KCl, 0.001% FeSO 4 , 2% AgarAgar) was prepared [21] and then cooled to 47
 C and seeded with tested microorganisms. Sterile water agar layer was poured then solidified. After solidification 5 mm diameter holes were punched by a sterile cork-borer. The investigated compounds, ligand, metal salts and their complexes, were introduced in Petri-dishes (only 0.1 mL) after dissolving in DMF at 1.0×10 -3 M. These culture plates were then incubated at 37  C for 20 h for bacteria and for seven days at 30  C for fungi. The activity was determined by measuring the diameter of the inhibition zone (in mm). Growth inhibition was calculated with reference to the positive control, i.e., (ampicilin, amoxycillin and cefaloxin).
RESULTS AND DISCUSSION
The complexes of CIP-o-phdn with Cr(III), Mn(II), Fe(III) and Co(II) were synthesized as solids of a color characteristics of the metal ion. Table 1 For the isolated complexes of Cr(III), Mn(II), Fe(III) and Co(II) in order to verify that the acetate, sulfate, nitrate and chloride groups are ionic and not coordinate, the complexes solution were tested with an aqueous solutions of ferric chloride, barium chloride, ferrous sulfate and silver nitrate a red brown, white precipitate, black-ring and white precipitate were formed. This indicate that acetate, sulfate, nitrate and chloride groups are found as counter ions (outside the complexes sphere) [22] which also in good agreement with the results of molar conductance. Table 1 . Elemental analysis and physico-analytical data for CIP-o-phdn and its metal complexes. 
IR absorption spectra
The infrared spectra of [
and CIP-o-phdn were measured as KBr discs. The assignments are given in Table 2 . The infrared spectra of the complexes are compared with those of CIP-o-phdn in order to determine the site of coordination that may be involved in chelation. There are some guide peaks in the spectra of the ligand which are of good help for achieving this goal. These peaks are expected to be involved in chelation. The position or the intensities of these peaks are expected to be changed upon complexation. The proposed structures for all complexes is represented by Scheme 1, the four donor atoms of CIP-o-phdn coordinated to central metal ions in a plane forming tetragon with the two oxygen atoms of the two coordinated water molecules in axial position [18] . According to the proposed structures for the complexes under investigation, the complexes posses a two-fold axis and two plane of symmetry and hence they are C 2ν symmetry. 
ν(M-O) and ring deformation
Keys: s = strong, w = weak, v = very, m = medium, br = broad, sh = shoulder, ν = stretching, δb = bending.
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The infrared spectrum of CIP-o-phdn shows the absence of the bands attributable to ν(NH 2 ) group of o-phenylenediamine and ν(C=O) of ciprofloxacin. Instead, newly formed very strong band at 1624 cm -1 is obtained. This suggests the complete condensation of the amino groups with keto group [23] indicating the formation of the Schiff base linkage [24] . The IR spectra of all complexes containing hydration and or coordination water molecules display bands at 3545-3341 cm -1 due to ν(O−H) vibration mode of the water molecules [25] and this was confirmed by the results of thermal analysis. The stretching vibrations ν(C−H) of phenyl, −CH 2 and −CH 3 groups in these compounds are assigned as a number of bands in the region 3156-2711cm -1 . The assignments of all the C−H stretching vibrations agree quite well with the literature [26, 27] .
The presence of a group of bands with different intensities in the range 2689-2465 cm -1 , which assigned to vibration of the quaternized nitrogen of the piperazine group, indicates the zwitterionic form of CIP-o-phdn is involved in the coordination to the investigated metal ions [27] . The two bands observed at 1732 and 1624 cm -1 in the spectrum of the CIP-o-phdn have been assigned to the stretching vibration of carboxylic ν(COOH) and the azomethine group ν(C=N), respectively [28] [29] [30] [31] [32] [33] [34] [35] . The absent of the band at 1732 cm -1 in all complexes and the shift of the characteristic band of azomethine group to a lower value from 1624 cm -1 to 1589 cm -1 for Cr(III), at 1574 cm -1 for Mn(II) and Fe(III), at 1570 cm -1 for Co(II) indicated that the involvement of C=N group and one oxygen of the carboxylate group in the interaction with metal ion forming six and five membered rings and the carboxylic group is deprotonated [36] .
In the case of monodentate carboxylate ligand, the antisymmetric and symmetric (COO -) stretches will be shifted to higher and lower frequencies, respectively, with an average ∆ν > 200 cm -1 [37] [38] [39] [40] [41] [42] [43] . For our complexes the presence of band in the region 1624-1620 cm -1 in the IR spectra which assigned to the asymmetric stretching vibration ν as of the ligated carboxylato group and the symmetric vibration occurs in the region 1393-1377 cm -1 with different intensities [24, 44, 45] and with ∆ν > 200 cm -1 indicated that the carboxylate group reacts as monodentate through one of oxygen atoms.
The spectra of the isolated solid complexes showed a group of bands with different intensities which characteristics for ν(M-N) and (M-O). The ν(M-N) and (M-O) bands observed at 559 and 494 cm -1 for Cr(III), at 625, 578, 544 and 502, cm -1 for Mn(II), at 633, 583, 544 and 505 cm -1 for Fe(III), at 629, 578, 544 and 502, cm -1 for Co(II) ( Table 2 ) which are absent in the spectrum of CIP-o-phdn. This indicates the coordination of CIP-o-phdn through both C=N and carboxylic groups [25, 26] .
Electronic spectra
The application of ultraviolet spectroscopy is more universal and can be useful in structural determinations of all chelates since they all absorb in this region [46] . The formation of the metal ciprofloxacin Schiff base complexes was also confirmed by the electronic solid reflection spectra. The electronic solid reflection spectra of CIP-o-phdn along with the Cr(III), Mn(II), Fe(III) and Co(II) complexes in the wavelength interval from 200 to 800 nm range are shown in Figure 1 . It can be seen that free ciprofloxacin Schiff base reflected at 209, 229 and 321 nm ( Table 3 ). The first two bands at 209 and 229 nm may be attributed to π-π * transition and the second band observed at 321 nm is assigned to n-π * transitions, these transitions occur in case of unsaturated hydrocarbons which contain ketone groups or azomethine group [32] . The shift of the reflection bands to higher values (bathochromic shift) and the absent of the band at 321 nm in case of Cr(III), Mn(II), Fe(III) and Co(II) complexes and presence of new bands in the reflection spectra of complexes indicate that the formation of their metal complexes [28] . The four complexes have bands in the range from 414 to 624 nm which may be assigned to the ligand to metal charge-transfer and d-d transition. [28] [29] [30] 47] .
The spectrum of Schiff base Cr(III) complex show two absorption bands 624 and 569 nm which are assigned to T 1g (F) transitions, respectively, in favor of octahedral geometry [48] . The reflectance spectrum of Mn(II) complex showed two identified (CH 3 COO) 3 
H NMR spectra
To make sure about the proposed structure of the isolated metal complexes 1 H NMR spectra were run. The 1 H NMR spectrum of CIP-o-phdn, in DMSO-d 6 (Table 4) showed the characteristic singlet at δ: 11 ppm to the proton of carboxylic (COOH). The resonance of the carboxylic proton (COOH) is not detected in the spectra of the isolated solid complexes that suggest the coordination of CIP-o-phdn through its carboxylato oxygen atoms [28] [29] [30] 51 ]. Also, the 1 H NMR spectra for complexes exhibit new peaks in the range 4.10-5.13 ppm, due to the presence of water molecules in the complexes. On comparing main peaks of CIP-o-phdn with its complexes, it is observed that all the peaks of the free ligand are present in the spectra of the complexes with chemical shift upon binding of CIP-o-phdn to the metal ion [52] . 
Thermal studies
Thermogravimetric (TGA) and differential thermogravimetric (DTG) analyses for CIP-o-phdn and their isolated solid complexes were carried out to get information about the thermal stability of these new complexes and to suggest a general Scheme for thermal decomposition as well as to ascertain the nature of associated water molecules. In the present investigation, heating rates were suitably controlled at 10  C min -1 under nitrogen atmosphere and the weight loss is measured from the room temperature to 800  C. Figure 2 represent the TGA and DTG curves and Table 5 [25, 53, 54] and the weight loss found at this stage equals 76.34% corresponds to loss 20C 2 H 2 +3.5N 2 +NO+2HF+4CO+5.5H 2 O. For Mn(II) complex the thermal decomposition exhibits two main degradation steps. The first step of decomposition occurs from 25 to 282  C is accompanied by a weight loss of 16.28% in agreement with the theoretical values 16.35% for the loss of ten uncoordinated water molecules (water of crystalization). The second step of decompostion occurs at four maxima 282, 332, 400 and 600  C with a weight loss of 68.68% this associated with the loss of ciprofloxacin Schiff base forming manganize sulphate as a final product ( Table 5 (CH 3 COO) 3 
Mass spectra
The idea of mass spectrometer builds up on the separation of fragments ions dependent to the variation of these ions with the ratio of mass to charge (m/z) [55] . Mass spectrum of the synthesized CIP-o-phdn was in a good agreement with the suggested structure (Scheme 2). CIPo-phdn showed molecular ion peak (M 
Biological activity
The susceptibility of certain strains of bacterium, such as Staphylococcus aureus, Bacillus subtilis, Escherichia coli and Pseudomonas aeruginosa and antifungal screening was studied against two species Candida albicans and Aspergillus fumigates towards CIP-o-phdn, metal salts and its complexes was judged by measuring size of the inhibition diameter (Table 6 and Figure 3 ). As assessed by color, the complexes remain intact during biological testing. A comparative study of ligand and their metal complexes showed that the metal complexes exhibit higher antibacterial activity for Gram-positive and Gram-negative. Fe(III) is very highly significant for Escherichia coli and Pseudomonas aeruginosa and highly significant for Bacillus subtilis but Mn(II) showed moderated antibacterial activity for Escherichia coli, Pseudomonas aeruginosa and Bacillus subtilis and highly significant for Staphylococcus aureus, and no antifungal activity observed for ligand and their metal complexes ( Table 6 ). The results are promising compared with the previous studies [51, 53, 56, 57] . Such increased activity of metal chelate can be explained on the basis of the oxidation state of the metal ion, overtone concept and chelation theory. According to the overtone concept of cell permeability, the lipid membrane that surrounds the cell favors the passage of only lipid-soluble materials in which liposolubility is an important factor that controls the antimicrobial activity. On chelation the polarity of the metal ion will be reduced to a greater extent due to overlap of ligand orbital and partial sharing of the positive charge of the metal ion with donor groups. Further it increases the delocalization of π-electrons over the whole chelate ring and enhances the lipophilicity of the complexes [51] . This increased lipophilicity enhances the penetration of complexes into the lipid membranes and blocks the metal binding sites in enzymes of microorganisms. These complexes also disturb the respiration process of the cell and thus block the synthesis of proteins, which restricts further growth of the microorganisms. Finaly, the data indicated that CIP-o-phdn exhibits higher antibacterial activity compared with free ciprofloxacin [53] . NS P not significant, P > 0.05; P +1 P significant, P < 0.05; P +2 P highly significant, P < 0.01; P +3 P very highly significant, P < 0.001; student's t-test (paired). 
CONCLUSION
To summarize the new CIP-o-phdn tetradentate ligand (N,N'-o-phenylene bis 1-cyclopropyl-6-fluoro-4-oxo-7-(piperazin-1-yl)-quinoline-3-carboxylic acid) has been synthesized and their coordination chemistry with Cr(III), Mn(II), Fe(III) and Co(II) has been studied. The four new complexes were characterized with physicochemical and spectroscopic methods. In all these complexes, CIP-o-phdn is on deprotonated mode and acts as tetradentate ligand bound to the metal ion through two oxygen atoms of carboxylate groups and two nitrogen atoms of azomethine groups. Each metal is six coordinate and the geometry described as distorted octahedral. The antibacterial activity of CIP-o-phdn is higher than ciprofloxacin alone.
